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FOREWORD

Decommissioning of nuclear facilities is a process involving activities such as
radiological characterization, decontamination, dismantling of plant equipment and
facilities, and handling of waste and other materials. Many organizational and
management needs arise during the course of decommissioning projects. Factors such
as schedule, work progress, and the outcome of regulatory and other interfaces may
influence project planning and implementation.

Published information and guidance on management and organizational aspects
of decommissioning are scarce in comparison with those on technological aspects.
Guidance on organizational aspects may lead to better decision making, reductions in
time and resources, lower doses to the workers and reduced impact on public health,
safety and the environment. An IAEA Technical Report (TRS No. 351) deals with
planning and management aspects for decommissioning research reactors and other
small nuclear facilities. In other IAEA publications, planning and management is
dealt with as one part of the overall decommissioning project. With the growing
experience in the decommissioning of large nuclear installations, including the
completion of some large scale decommissioning projects over the last several years,
it is timely to gather and consolidate in a dedicated report the experience available
globally on the management and organizational aspects of decommissioning. This
technical report gives guidance and examples for all Member States involved in
decommissioning large nuclear facilities on the organization and management
requirements and practices.

A Technical Committee Meeting on the present subject was held in Vienna from
7 to 11 September 1998. The meeting was attended by thirteen experts from seven
Member States. The participants discussed and revised a preliminary report written
by consultants from Canada, Czech Republic, United Kingdom, United States of
America, and the IAEA Scientific Secretary, M. Laraia of the Division of Nuclear
Fuel Cycle and Waste Technology. After the Technical Committee Meeting the text
was revised by the IAEA Secretariat, with the assistance of four outside consultants
from Belgium, Japan, the Netherlands and the United Kingdom.



EDITORIAL NOTE

Although great care has been taken to maintain the accuracy of information contained
in this publication, neither the IAEA nor its Member States assume any responsibility for
consequences which may arise from its use.

The use of particular designations of countries or territories does not imply any
judgement by the publisher, the IAEA, as to the legal status of such countries or territories, of
their authorities and institutions or of the delimitation of their boundaries.

The mention of names of specific companies or products (whether or not indicated as
registered) does not imply any intention to infringe proprietary rights, nor should it be
construed as an endorsement or recommendation on the part of the IAEA.
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Annex A–7

ITALY (DECOMMISSIONING
OF ITALY’S NPPS)

1. INTRODUCTION

In Italy, four NPPs of different kind have been operated for several decades with
a high degree of safety and efficiency: two BWRs (Garigliano, Caorso), a PWR
(Trino) and a gas graphite reactor (Latina). In 1998 the Italian Government decided
to stop nuclear energy production.

Since then the nuclear branch of the utility’s (ENEL) production department
has started the decommissioning activities, with particular emphasis on the condi-
tioning of operational wastes.

Recently, according to a new company policy, this nuclear branch has been
reorganized into a new integrated structure, SGN (Nuclear Plant Management), in
charge of:

• the overall strategy for the decommissioning project in the framework of the
company planning;

• the decommissioning of the four NPPs according to the approval released by
the regulatory body;

• the waste treatment and characterization;
• the closure of the fuel cycle;
• the offering of engineering services to the external market.

The decommissioning strategy being followed at the moment by SGN is that of
safe storage. As a consequence, the main SGN target is decommissioning planning
and implementation, in particular the activities to realize the ‘passive safe storage
condition’ of NPPs, spent fuel disposal, waste removal and conditioning, and the sale
of fresh fuel. To fulfil its mission, SGN can rely on funds established by the company,
as well as on a staff of 500 persons.

The decommissioning activities will be developed according to an integrated
strategy which takes into account several aspects such as regulations, procedures,
availability of necessary infrastructures and financial resources.

The SGN decommissioning policy underlines the opportunity to minimize the
related costs and to do business in an international scenario.
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2. ORGANIZATIONAL STRUCTURE

SGN has been organized (Fig. 1) into six main central departments and three
territorial units; in addition, there is a staff position of business development.

The three territorial units are strictly connected to the central departments that
should control and give guidance to ensure an organic development of the activities.

Business development works together with the above mentioned departments as
they share the same market strategy and the same resources.

The six central departments consist of:

• Administration and budget 
• Human resources and services
• Engineering and technologies 
• Legal department
• Health physics and safety
• Decommissioning and fuel operations.

The administration and budget department is in charge of:

• budget
• administration
• accounting and balance sheet
• procurement
• management of some services and contracts to eastern European countries.
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The human resources and services department is in charge of:

• general business and services
• insurances
• resources development and planning
• organization
• industrial relations
• personnel administration 
• personnel statistical–economical analysis.

The legal department is in charge of:

• legal advice
• contracts transactions together with the other departments and territorial units
• litigation procedure
• the legislative follow-up and interpretation.

The engineering and technologies department is in charge of:

• strategic analysis and technical–economical studies for the optimization of the
decommissioning process

• decommissioning costs evaluation
• activities related to the unreprocessed spent fuel 
• engineering for decommissioning
• development of technologies for decommissioning and conditioning of radioac-

tive waste 
• specific projects
• co-ordination of the technical codes and standards development
• fund raising.

The health physics and safety department is in charge of:

• health physics
• safety
• QA.

The decommissioning and fuel operations department is in charge of:

• guidance and control of the decommissioning programme implementation,
including the appropriate support

• detailed planning of the NPP decommissioning
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• management of fresh and spent unreprocessed fuel
• reprocessing services management
• co-ordination activities on radioactive waste treatment, conditioning and

storage
• relations with institutions, local authorities, national regulatory body and inter-

national organizations
• licensing.

The business development position is in charge of:

• national and international market analysis
• business qualification (demanded products and possible revenues)
• national and international alliances
• identification of market chances
• co-ordination of the relations with national, international and European clients

for order acquisition
• identification, in collaboration with SGN departments, of qualifications,

expertise, technologies and assets as needed
• co-ordination of participation in call for bids
• definition of tender price.

The three territorial units (Trino, Caorso, Latina–Garigliano) are in charge of:

• NPP management under the different configurations, according to unitary schemes
• participation in engineering activities, in the definition of detailed working

programmes and in identifying the needed resources 
• implementation of the operational activities with internal and/or external

resources
• final assessment of the components, systems and structures in the passive safe

storage condition.

During the passive safe storage preparation, the activities  are mainly devoted to:

• NPP operational management
• Activities for decommissioning.

3. DECOMMISSIONING ACTIVITY

SGN decommissioning strategy (Fig. 2) is based on safe storage, which has been
adopted in accordance with the regulatory body. At the moment, this is the only possible
strategy which can assure an appropriate use of the resources available in Italy.
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SGN decommissioning strategy includes six main phases:

• activity for operation termination
• licence change
• decontamination and safe storage of systems and structures
• passive safe storage conditioning
• final dismantling of the activated systems and structures
• site release.

The first phase is related to waste management, fuel removal from the nuclear
reactor and NPP characterization. The second phase is characterized by the definition
of a general decommissioning strategy and by the revision of licence conditions,
technical specifications and emergency plans. This revision allows a reduction of the
NPP staff and better utilization of the newly available specialized people. After
approval of the general decommissioning strategy, the detailed projects will be
developed and give the guidelines for work execution. Decontamination activities can
allow the release of some components and buildings, according to the clearance limits
for such materials. The remaining radioactive wastes are conditioned and then sent to
a repository. If the repository is not available the radioactive wastes will be stored in
a suitable NPP building. Buildings and systems which are not decontaminated should
be drained and isolated from the environment in order to avoid any possible radioac-
tive release risk. At the end of this third phase, some NPP buildings should be
released. From the date of the NPP final shutdown, the final dismantling activity
should be delayed for 30 to 40 years in order to reduce both the doses to the workers
and the total volume of the radioactive waste. Of course, the support by robotic and
other technologies can shorten this period; however, as in Italy no national repository
is available so far, there is no reason for prompt dismantling.

Another aspect of safe storage strategy should be taken into account: the
passive safe storage period should allow the necessary funds to be acquired for
realizing the dismantling activities. This final dismantling phase is strictly connected
to regulatory requirements and, in general, to external interactions. It includes the
dismantling of the remaining activated systems and structures. According to the
clearance limits, the waste can again be released, or conditioned and stored.

The final step of the decommissioning process is represented by the site release,
in which a final radiological survey will allow the NPP buildings  to be considered as
an ordinary industrial relic. The regulatory body will give approval to the final radio-
logical survey procedures and results.

A technical and economic analysis of the above mentioned strategy is currently
being performed, together with an external advisor, in order to update the base cost
estimates. This analysis will also consider the technical–economic consequences of
any change in the strategy.
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FIG. 2. SGN decommissioning strategy.
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Annex A–8

JAPAN (JPDR DECOMMISSIONING)

1. INTRODUCTION

As of April 1999, there are 52 nuclear power plants operating in Japan,
producing more than 30% (42 000 MW(e)) of the total power generation. However,
it is expected that ten nuclear power plants will have operated for more than 30 years
by the year 2005. So far, one of the oldest nuclear power plants, the Tokai power
station (MAGNOX, 160 MW(e)), has been permanently shut down; it is to be decom-
missioned to green field conditions in the near future [1]. Since decommissioning of
nuclear facilities is one of the most important issues in the development of nuclear
energy, studies on decommissioning nuclear power plants have been conducted
continuously in Government organizations and in the private sector. In 1997, the
study committee for nuclear power plant decommissioning reported the results of a
review on decommissioning technology to the nuclear subcommittee of the Ministry
of International Trade and Industry’s (MITI) Advisory Committee for Energy. It
emphasized the necessity of a systematic approach and of waste management systems
for decommissioning nuclear power plants, taking into account cost effectiveness and
safety. On the basis of this report, the regulatory framework for decommissioning
nuclear power plants, including waste disposal methods and clearance levels, is being
discussed in Government organizations.

In addition to nuclear power plants, a number of prototype and test nuclear
facilities have been constructed for the development of nuclear energy and its utiliza-
tion in research organizations. Some of the nuclear facilities constructed in the early
days of nuclear energy development have fulfilled their initial purpose and await
decommissioning. In the Japan Atomic Energy Research Institute (JAERI), four
major nuclear facilities, including one prototype nuclear power plant, have already
been decommissioned; two decommissioning projects, research reactor JRR-2 and
reprocessing test facility JRTF, are under way.

The Japan Power Demonstration Reactor (JPDR) Decommissioning
Programme was a flagship project to demonstrate the possibility of decommissioning
a nuclear power plant by using present technologies; it was completed in March 1996
and  recovered green field conditions in JAERI [2]. The JPDR decommissioning
programme may be a typical example for reviewing the decommissioning technology,
dismantling activities and organization and management aspects for future projects.
Therefore, this report describes the Japanese approach to decommissioning nuclear
power plants in terms of organization and management, focusing on the JPDR
decommissioning programme.
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2. BACKGROUND

In 1982, the Atomic Energy Commission (AEC) published the basic policy for
decommissioning nuclear power plants as a part of the long-term programme for
development and utilization of nuclear energy [3]. The long-term programme has
been revised every several years; the basic policy for decommissioning nuclear power
plants is unchanged in the recent version. It states that, as a rule, the nuclear power
plant should be dismantled and removed as soon as possible after its shutdown and
the site should be effectively used for the next nuclear power plant. It also describes
that technologies needed for future decommissioning of commercial nuclear power
plants should be developed through the JPDR and the JRTF (JAERI reprocessing test
facility) decommissioning programmes.

To establish the practical approach and the funding system for decommission-
ing commercial nuclear power plants, the study committee for nuclear power plant
decommissioning studied the measures to be taken in decommissioning nuclear
power plants. It reported the standardized decommissioning procedures and estima-
tion of decommissioning costs, with waste arising and radiation exposure of workers,
indicating the benefit of dismantling a facility within five to ten years of mothballing.
The decommissioning fund was established on the bases of this study; it is included
in the electricity charges. 

The study committee for nuclear plant decommissioning resumed its activities
in March 1996, after a break of almost 11 years. The committee reviewed the present
status and issues of the nuclear power plant decommissioning regulatory framework,
waste management systems, etc., in Japan. The major conclusions of the study
reported to the Nuclear Subcommittee of MITI’s Advisory Committee for Energy are
as follows: no technical problem remains to be solved in decommissioning nuclear
power plants, detailed regulatory procedures should be established, and the measures
of decommissioning waste disposal should be prepared practically for the next
decommissioning programme.

The problems of waste management in decommissioning nuclear power plants
have  also been studied by the subcommittee of the Nuclear Safety Commission. The
proposal of clearance levels for waste in decommissioning and the estimation of
waste disposal costs were set forth as an interim report in 1998.

3. JPDR DECOMMISSIONING PROGRAMME

3.1. JPDR

The JPDR is a BWR type (45 MW(th)) demonstration reactor. For the first time
in Japan, it started to generate electricity in October 1963. In 1972, the power was
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increased to 90 MW(th) in order to increase the neutron irradiation capability. The
JPDR was shut down in March 1976, because of several problems such as cracking
on the nozzle of the in-core monitor tubes, a failure of the control rod drive
mechanism and other complications. As of April 1988, the residual radioactive
inventory in the JPDR is estimated to be approximately 130 TBq. Almost all radioac-
tive inventory (99.9%) remains in the reactor internals, the reactor pressure vessel
(RPV) and the biological shield concrete.

3.2. JPDR DISMANTLING ACTIVITIES

After the five years of study of decommissioning technologies, the actual
dismantling of the JPDR facility began in December 1986, using advanced techniques
[4]. The objectives of dismantling the JPDR were:

• to demonstrate the techniques developed in the R&D phase;
• to gain experience in dismantling activities; and
• to establish a decommissioning database, for future decommissioning of

commercial nuclear power plants.

Primary considerations for the dismantling work were the safety of workers and
the prevention of release of radioactive materials into the environment. A local venti-
lation system and underwater dismantling machines operated by remote handling
were applied to the dismantling activities in order to minimize the workers’ exposure
to radiation, while the building walls were used as a confinement boundary for the
release of radioactive materials. The dismantling schedule made in advance showed
that the critical path was strongly related to dismantling highly radioactive compo-
nents such as reactor internals, the reactor pressure vessel (RPV) and the biological
shield. Efforts were therefore made to dismantle those core components and struc-
tures that contained relatively high radioactivity during its operation. The dismantling
activities were briefly described as follows [5]:

The reactor internals were removed by an underwater plasma arc saw cutting
system. In most cases, the plasma torch was operated by a mast type manipulator.
First, all reactor internals were removed from the RPV wall and the cut pieces were
then transferred under water to the spent fuel storage pool. The RPV was dismantled
by the underwater arc saw cutting system after the piping connected to it had been
removed. The top flange portion of the RPV body was cut vertically into nine pieces.
The other part was cut into eight horizontal and nine vertical pieces. Three techniques
were applied to the demolition of the biological shield to verify and compare the tech-
nologies developed. The projected part of the biological shield was demolished by
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using both diamond sawing/coring and abrasive water jet cutting techniques. A
controlled blasting technique was applied to the rest, which was only slightly
activated. The extremely low level radioactive waste arising from the demolition of
the biological shield and the removal of building surfaces were disposed of into a near
surface disposal facility as a demonstration test to verify the safety of the simplified
near surface disposal on the JAERI’s site. 

In parallel with the remote dismantling work, relatively low level radioactive
components in other buildings such as the turbine and radioactive waste treatment
buildings were dismantled by hand. After all components had been removed, the inner
surfaces at the building were decontaminated and the radioactivity was surveyed to
confirm that there were no artificial radioactive nuclides remaining in the buildings.
These were the final steps before releasing the facility into an uncontrolled area. The
building structures were then demolished by conventional tools up to green field
conditions.

Table I outlines the JPDR dismantling activities.

3.3. MANAGEMENT FOR DISMANTLING ACTIVITIES

3.3.1. Safety assurance

At the beginning of the JPDR dismantling activities, the Nuclear Safety
Commission (NSC) published the report ‘Philosophy of Safety Assurance during
Reactor Dismantlement — Dismantling JPDR’ [6]. This report stated guidelines to
ensure the safety of the JPDR dismantling activities. The enforcement plan of the
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TABLE I.  OUTLINE OF JPDR DISMANTLING ACTIVITIES

Dismantling project overview
Project period December 1986 – March 1996
Project cost 23 billion yen (including R&D)
Waste arising 3770 t (radioactive)
Worker dose 306 man–mSv

Project characteristics
Demonstration Application of developed techniques
Dismantling activities Collection of project management data
Waste storage (radioactive) Storage of waste in storage facility
Waste disposal (low level) Near surface burial at the JAERI site



JPDR dismantling was made on the basis of this report, and it was submitted to the
Science and Technology Agency (STA) in July 1986. After NSC’s authorization of
this plan, JPDR dismantling activities in JAERI started in December 1986. The key
principles of the enforcement plan were to ensure the safety of workers and to prevent
radioactive materials from being released.

The JPDR facility was dismantled on the basis of the key principles. In
addition, a quality assurance (QA) committee was organized by experts in JAERI.
The main tasks of the QA committee were to check up the enforcement plan of each
dismantling activity and to review the report to be submitted to the STA. Especially
in applying the new technology to the dismantling activities, the activity plan was
examined in detail by the QA committee, with regard to the safety of workers and
efficient work procedures.

The implementation of the dismantling activities was basically regulated by the
‘operational safety rules’ prepared for the JPDR facility. The operational safety rules
are based on the nuclear reactor regulations law for each nuclear facility to be
operated safely. The operational safety rules for the JPDR facility were reformed with
progressing dismantling activities, after negotiations with the regulatory body.

3.3.2. Organization

The JPDR decommissioning programme was basically carried out by four
divisions and one laboratory:

• the JPDR administration division,
• the decommissioning programme co-ordination division,
• the reactor decommissioning operation division,
• the decommissioning waste management division, and
• the decommissioning technology laboratory.

In the JPDR decommissioning programme, JAERI contracted with several
companies to implement the dismantling activities. Since the budget of the JPDR
decommissioning programme was decided on an annual basis, the contract was
formally set up every year, i.e. the dismantling activities started at the first of April
every year and finished by the end of March, as a general rule. Before the dismantling
activities were carried out, a report describing the details of each dismantling activity
was prepared by the staff in both the decommissioning programme co-ordination and
the reactor decommissioning operation divisions. The report was submitted to the
STA for authorization of the work plan at each step of the dismantling activities, after
having been checked by the QA committee. The report contained work specifications
and schedules, characteristics of the components to be dismantled, waste arising, etc.
The company contracted to the work also prepared a detailed work implementation
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plan based on the report submitted to the STA. The dismantling activities were super-
vised by the staff of the reactor decommissioning operation division in JAERI. After
each process of the dismantling activities had been accomplished, the results of the
work were also reported to the STA and examined for compliance with the plan
submitted before. STA inspectors visited the JPDR facility to observe the dismantling
activities and check the records at the time of all major work activities. The decom-
missioning programme co-ordination division played a role in coping with matters
relating to STA.

The decommissioning waste management division and the decommissioning
technology laboratory were mainly in charge of waste management, and data collec-
tion and analysis, respectively. All data collected in dismantling activities were trans-
ferred to the decommissioning technology laboratory to be accumulated in the
database and for dismantling activities to be analysed. The data and the analysed
results were provided to the decommissioning programme co-ordination and reactor
decommissioning operation divisions for preparing the next dismantling plan and
reporting to the STA.
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Science and Technology Agency
regulation
policy planning

Programm co-ordination div.

QA committee

R&D Programme



Figure 1 shows the organizational structures of JPDR decommissioning
programme.

3.3.3. Radiation protection control

Radiation protection control was one of most important issues in the
programme. The dose equivalent rate and the radioactive concentration were
measured daily and reported to the related divisions by health physicists.  Each work
plan was made on the basis of this measurement, and work areas were classified into
various categories. For example, radioactive contamination was classified into three
groups: C-1 (less than 4 Bq/cm2), C-2 (4 to 40 Bq/cm2) and C-3 (more than
40 Bq/cm2). The work conditions, such as respiratory protection and personal protec-
tive clothing, were then determined according to this categorization. Data on radio-
logical safety such as dose equivalent rate, radioactive contamination and radioactive
nuclide concentration in air were measured periodically in the dismantling work
areas. The categorization in the work areas was changed as dismantling activities
were accomplished, and the method of dismantling components was sometimes
reformed as a result of considerations of safety of the workers and efficient work
accomplishment. The workers’ exposure to radiation was also measured daily by
alarm pocket dosimeters; it will be described later.

3.3.4. Waste management

At an early stage of the planning of dismantling activities, the characteristics
of decommissioning waste were evaluated as a result of calculations and measure-
ments. More than 4000 samples were taken to evaluate the amount of radioactive
contamination in the whole JPDR facility. A total amount of 30 000 t of solid waste,
including approximately 4000 t of low level radioactive waste, were expected to be
produced in dismantling the JPDR facility. In the actual dismantling work, the
dismantled components were classified into four levels (or into more detailed levels,
in some cases), on the basis of on-site radioactivity measurements. According to
their radiation levels, the components were put into 200 L drums, steel containers (1
or 3 m3), or shielded containers. In the final step where the building was released
into an uncontrolled area, the radiological characterization data were specially
utilized to define zones of non-contaminated areas or to classify contamination
levels. Decontamination and radioactivity confirmation surveys were conducted on
the basis of the classification data.

In addition to solid waste, gaseous and liquid wastes were also produced as a
result of the dismantling activities. Gaseous waste was filtered and exhausted through
the stack, after the radiation level had been confirmed to be lower than 3 Bq/m3.
Liquid waste was treated by the water treatment systems, which had been used during
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the operation of JPDR. After confirming that its radioactivity had been found to be
lower than 4 × 10–1 Bq/cm3, the waste was diluted with water so as to reach one
hundredth of its radioactivity and then discharged into the Pacific Ocean.

The amount of waste estimated was verified by comparing it with the actual data
associated with each radiation level. A total of 24 400 t of waste, including 3770 t of
radioactive waste, were produced from the JPDR dismantling activities. The estimate
was compared with the actual waste arising in different categories, for example,
radioactivity level by radioactivity level or building by building. It was found that the
estimate was almost the same as the actual waste arising within an error of 15%, except
for the waste produced by building surface decontamination. Detailed measurements of
radioactivity on building surfaces resulted in the reduction of waste, compared to the
original estimate, by removing contaminated layers from building surfaces.

4. DATA COLLECTION AND ANALYSIS

4.1. DATA COLLECTION AND RETRIEVAL SYSTEMS

Information on the JPDR dismantling activities was collected and accumulated
in the decommissioning database. This database was used for:

• managing on-going JPDR dismantling activities,
• verifying the code systems for management of reactor decommissioning

(COSMARD) [7], and
• planning future decommissioning of commercial nuclear power reactors.

The data were collected on data collection and retrieval systems which made
use of the JAERI mainframe (FACOM-M780) and minicomputers. In addition, infor-
mation on machine performance and operability was also collected when newly
developed decommissioning techniques were applied to dismantling activities.

The JPDR dismantling data were basically grouped into three categories:
radiation control dismantling operations and waste management. The radiation control
data, including working hours and external dose to workers, were collected by using
magnetic identification cards and pocket dosimeters. When passing through the gate of
the radiation control area, workers were required to keep records of entering/exiting
times and external doses by inserting each worker’s magnetic card and pocket
dosimeter into a magnetic reader connected to the minicomputer. The other data were
collected in the form of descriptions by the workers’ supervisors. The descriptions
were submitted daily to the data collection staff in the systems engineering group. The
other data, such as machine performance and unexpected occurrences, were stored as
a form of documentation. The major items for data collection are listed in Table II.
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4.2. USE OF DATA FOR PROJECT MANAGEMENT

The data collected during the dismantling activities were used to manage the
JPDR dismantling work. As to the radiation control data, cumulative dose and other
information, for example, dates of medical examinations, were checked for compli-
ance with the regulations. When the collective dose itemized by a work permission
number exceeded a designed value, the reason was analysed. The results of the
analysis were used to modify the plan of other dismantling activities, if necessary.
With regard to waste management data, the dismantled components were basically
managed by linking them to containers. Each container was identified by a designa-
tion number which, in turn, could provide the following information: source and
quantity of waste, date of transport and storage, radioactivity level, processing
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TABLE II.  DATA COLLECTION ITEMS

Radiation control
• Record of workers entering/exiting controlled areas:

time, identification number, alarm pocket dosimeter number, etc.
• Worker exposure:

worker exposure, identification number, work permission number, etc.
• Environment of working area:

work permission No., contamination, dust, dose rate, date of measurement, etc.

Dismantling activities

• Duration of work

dates of start and completion, etc.

• Workforce

dismantling activity, person–days, number of workers, etc.

• Utility

consumption of electricity, gases, water, etc.

• Unexpected occurrences:

date, description of the occurrence, correction, etc.

Waste management
• Waste

source, date, material, weight, etc.
• Container

type, numbers, radiation levels, radioactivity, dose rate, surface contamination, etc.
• Storage and transportation

source, date, treatment (solidification, immobilization of surface contamination), etc.



method, etc. As was described before, the data on project management, such as waste
arising, manpower expenditure and workers’ exposure to radiation were analysed and
reported as a periodical documentation.

5. LESSONS LEARNED ON PROJECT MANAGEMENT

The JPDR decommissioning programme was the first trial to dismantle a large
scale nuclear facility in Japan. Neither a regulatory framework nor experience on
decommissioning nuclear facilities existed at the initial stage of the JPDR decom-
missioning programme. The organizational structures had to be transferred from the
operation and maintenance part to the decommissioning programme within the same
department. In addition, since the activities at all stages were regulated by the opera-
tional safety rules prepared for the JPDR facility, it was necessary to revise these
operational safety rules during the transition of the facility. Organization and manage-
ment of the JPDR decommissioning programme were characterized by these situa-
tions. The lessons learnt on the management of decommissioning activities are as
follows:

• The dismantling work was well managed in order to minimize the workers’
exposure to radiation. This was possible owing to precise estimations of the
radioactive inventory and daily measurement of the dose rate in the work areas.

• The dismantling work was completed on schedule and with no serious
problems. Detailed planning of work activities was attributed to the success of
the dismantling work. The quality assurance programme played an important
role in the check-up of the worker’s safety.

• All radioactive waste was stored in the waste storage facility at JAERI’s site,
except for near surface disposal of very low level concrete waste. Measures for
minimizing the volume of radioactive waste should be considered, and
adequate treatment of secondary products such as slurry and abrasives was
necessary to reduce waste arising.

• The staff engaged in the operation and maintenance of the JPDR facility played
an important role in the decommissioning stage as well, because their
knowledge of the facility was useful for detailed planning and implementation
of dismantling activities.

• The record and the past history were well utilized for dismantling and for the
final step to unrestricted release of the facilities. It will be necessary to maintain
the record relating to the operation of the facilities.

• A well devised staff disposition plan brought about efficient dismantling activ-
ities. The organizational structures should be revised periodically to enable
efficient staff disposition in the process of the dismantling activities.
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6. CONCLUDING REMARKS

The JPDR decommissioning programme started in April 1981, with the
intention to reach green field conditions. Various decommissioning technologies were
developed, not only in order to dismantle the JPDR but also to demonstrate their
usefulness in future decommissioning of commercial power plants. The actual
dismantling activities were conducted from 1986 to 1996, and the JPDR decommis-
sioning programme was completed successfully without any serious problems.
However, inflexible organizational structures sometimes resulted in inefficiency in
coping with the project, especially in the transition phase from operation and mainte-
nance to the actual dismantling stage.

In the dismantling activities, various data on project management such as staff
expenditure, workers’ exposure to radiation and waste arisings were collected contin-
ually and stored in the decommissioning database. The database and the lessons learnt
will contribute to planning future decommissioning of commercial nuclear power
plants.
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ANNEX A–9

NETHERLANDS (DODEWAARD NPP)

1. INTRODUCTION

The Dodewaard nuclear power plant is a 59 MW(e) boiling water reactor of
the pre-Mark 1 GE design. It was the first nuclear power station in the Netherlands,
built for the purpose of acquiring knowledge of, and experience in, the design,
construction and operation of a nuclear power station in the Netherlands. The plant
is operated and owned by the Gemeenschappelijke Kernenergiecentrale Nederland
(GKN), a subsidiary of the Samenwerkende electriciteits productiebedrijven (Sep).
The Dodewaard NPP is the only power plant owned by GKN. Sep is owned by the
four Dutch electricity generating companies. The operation of the Dodewaard plant
was characterized by high availability levels, short shutdown periods (four to five
weeks), decreasing releases to the environment over the years, and corresponding
decreases in the individual and collective radiation doses for personnel and third
parties. At the time of the unplanned announcement of the permanent shutdown of
the plant by Sep and GKN, the plant was in the middle of a major safety upgrade
project.

2. PREPARATION FOR DECOMMISSIONING
DURING NORMAL OPERATION

In 1995 a study was performed by Sep, GKN and EPZ (the owner and operator
of the Borssele NPP) in order to identify the best decommissioning strategy for the
Dutch NPPs. The results of this study showed that, from a technical point of view,
more than one dismantling strategy could be envisaged: direct dismantling, in situ
entombment and safe enclosure. From the technical, safety and environmental points
of view, these three strategies were equally acceptable. However, other arguments,
mainly of a financial nature, favoured a strategy under which the Dodewaard NPP
would be dismantled after a period of about 40 years. Thus, given that none of the
strategies were preferable from a safety or environmental point of view, it was
decided that the Dodewaard NPP should be converted into a safe enclosure and
dismantled after a period of 40 years.
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3. DECISION TO SHUT DOWN THE DODEWAARD NPP (3 October, 1996)

Two major factors contributed to the final shutdown of the Dodewaard NPP.
First, there was a further postponement of a Government decision regarding the

construction of new nuclear power stations. Dodewaard was supposed to have been a
vehicle for the acquisition of the know-how required for the construction and
operation of future nuclear power stations. It became clear that, even allowing for the
planned extension to the service life of the plant, the time gap before the construction
of any future stations could not be bridged by Dodewaard.

The second argument in favour of closing down the plant was that the operating
costs could not be borne in a free electricity market. A small plant such as Dodewaard
was never intended to be a competitive electricity generator. The new policy of the
Dutch Government is to promote the development of a free European electricity
market. Under this policy, there is no place for activities that are only likely to be prof-
itable in the very long term. This is the background to the decision announced on 3
October 1996. The Dodewaard NPP stopped generating electricity on 26 March 1997.

4. GKN 1997–2003 PROJECT (November 1996 – December 1997)

Shortly after the decision to close the plant down was announced, a company-
wide planning project called GKN 1997–2003 was started. The date of (end of) 2003
indicates the target date for completion of the plant’s conversion into a safe enclosure.
The project was intended as a means of co-ordinating the planning of all activities
related to the decommissioning of the plant. In essence, the project was to involve the
four IAEA decommissioning phases: post-operational phase, preparation for safe
enclosure, waiting period and final dismantling. All future activities up to the start of
the safe enclosure operation were identified. The preparation activities were included
within three projects:

• ‘Post-operational activities’ project (October 1996 – March 1997)

All remaining activities that could be performed under the existing licence after
the termination of electricity production were identified. These included:

• Operation of the plant after 26 March 1997;
• Identification of all process systems that would be superfluous in due course

and could then be taken out of service. Within the ‘post-operational phase’,
three subphases were defined in which groups of process systems could be
taken out of service, while the (modified) nuclear operation licence was still
in force:
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• subphase 1: spent fuel in the reactor vessel (until September 1997)
• subphase 2: spent fuel in the spent fuel pool and ready for shipment (planned

until mid-2000)
• subphase 3: spent fuel shipped to the reprocessing plant (planned only in the

event that licence procedures should be delayed beyond mid-2000)

• Identification of the modifications required to the nuclear licence, resulting in
an application for modification of the present operating licence in line with the
present situation.

• ‘Preparation for safe enclosure’ project (November 1996 – December 1997)

On the basis of the results of the strategic study previously carried out by
Sep/GKN/EPZ, a conceptual design for the safe enclosure has been developed by a
GKN project team as a basis for further engineering work. A renewed cost evaluation
has been made, and a project plan for further engineering work has been proposed to
the GKN management. The four decommissioning phases have been planned in some
more detail. Figure 1 shows the various phases as foreseen at present.

• ‘Organizational aspects’ Project (March 1997 – December 1997)

• Reorganization phases are basically coupled to the various decommissioning
phases as defined by the IAEA: post-operation, preparation for safe
enclosure, waiting period and final dismantling,
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• The organization of the first three phases of decommissioning requires fewer
people and (to some extent) people with different skills, so members of the
present workforce are gradually becoming redundant and (in the case of
GKN) many of them have had to seek employment outside GKN.
Accordingly, a social plan was developed and negotiated with the labour
organizations. This plan contains a number of essential components:

• There are to be no compulsory redundancies.
• People under the age of 45 are encouraged to leave the organization and are

assisted by GKN (outplacement and financial support);
• People over the age of 55, not needed in the new organization, are offered a

financially attractive ‘zero-hours contract’ and have to retire at the age of 60;
• People older than 45 will be involved in the activities of the new organiza-

tion and have the guarantee that they can remain in GKN’s service until
retirement at the age of 60;

• The social plan contains the selection rules for future reorganizations.

The ‘GKN 1997–2003’ Project was completed in December 1997, and the first reor-
ganization came into effect on 1 January 1998.

5. REORGANIZATIONS AT GKN (1 January 1998 and subsequent dates)

Figure 2 shows the basic form of the operating organization as per 31 December
1998. The number of employees on 3 October 1996 was 153. In addition, about 50
people employed by third parties worked on the site.

The characteristics of the post-operational phase are:

• the spent fuel is still on the site;
• the (modified) operating licence is still in force;
• irreversible decommissioning activities (for example, dismantling of systems)

are not possible.

On 1 January 1998 GKN reorganized itself into three basic sections:

• Operation and maintenance
• Decommissioning activities
• Personnel and support.

At the start of this phase, GKN had a staff of 96 persons; this will gradually
decrease to about 50 people by the end of the post-operational phase.
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FIG. 2. Basic form of operating organization on 31 December 1998.
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Figure 3 shows the organization diagram for this phase.
The characteristics of the safe enclosure preparation phase are:

• all fuel has been shipped from the plant; 
• a new licence for the preparation of the safe enclosure and waiting period is in

force;
• irreversible decommissioning activities (component dismantling, construction

of new structures and systems for operation during safe enclosure) are possible.

Only two sections will remain: the personnel and support section and the
decommissioning section. About 30 GKN personnel will remain. The organization of
GKN as currently foreseen for this phase will be as shown in Fig. 4.

Details of the organization for the waiting period will have to be developed as
part of the safe enclosure design process in phase 2.

6. DECOMMISSIONING ACTIVITIES DURING THE POST-OPERATIONAL
PHASE (1 January 1998 to mid-2001)

Following the reorganization of GKN on 1 January 1998, everything was in
place for the implementation of the decommissioning project. Previously defined



strategic goals were converted into project objectives. The project plans were
basically ready by the start of the post-operational phase.

The following subprojects were defined and started.

6.1. System decommissioning

The ‘post-operational activities’ project had already planned a logical sequence
for the system decommissioning. Combinations of four to five process systems had
been grouped into clusters; the actual decommissioning had been planned and is
being executed cluster by cluster. No components will be dismantled, but systems are
de-oiled, dried and cleaned, electric power is switched off, and the systems are
mechanically isolated from other systems and finally sealed. As long as there is spent
fuel on the site, only 40 (out of about 100) systems can be taken out of service. This
part of the project will be completed by early 2000. Continuation of system decom-
missioning is only feasible after fuel has been shipped (‘preparation of safe
enclosure’ phase).

6.2. Engineering safe enclosure

The ‘preparation for safe enclosure’ project has already defined the conceptual
design. The next steps are:
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Step 1: January 1998 – June 1999
• Engineering of the basic design of safe enclosure,
• Drafting of the safety report and the environmental impact report,
• Application for the licence for preparation of safe enclosure, and waiting

period.

Step 2: June 1999 – mid-2000
• Completion of the detail engineering of  the safe enclosure,
• Negotiations with the authorities regarding the licence.
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FIG. 4. Organization of GKN as currently foreseen.
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The objective is that the detail engineering should be completed and the new
licence should be in force by the middle of the year 2000. This is, however, dependent
on the spent fuel having been shipped.

6.3. Dodewaard inventory system project

The Dodewaard Inventory System (DIS) is a database containing all relevant
data related to radioactive materials and masses, specified per building, room, floor,
material type, etc. Its purpose is to deliver all input data from the plant required for
waste management, engineering, and safety analysis. The report software has a
modular structure so that at a later stage more report modules can easily be added.
The database itself can be more detailed, depending on the requirements during the
various stages of the project.

At the start of the project, the specific requirements of the DIS were defined by
the engineers who designed the safe enclosure. In a later phase, the system decom-
missioning group took the leading role in defining the requirements relating to health
physics and decontamination questions. 

This project is subdivided into several project steps:

1. Stage 1: Database definition phase (September 1997 – December 1997)

2. Stage 2: January 1998 – December 1998
2.1. Software development
2.2. Collection of data (measurements) on dose rates and contamination

levels in the plant
2.3. Implementation of the database
2.4. Definition of shortcomings;

3. Stage 3: January 1999–2000
3.1. Completion of the software 
3.2. Collection (measurement and calculation) of activity data 
3.3. Collection (measurement) of more detailed data as defined by system

decommissioning. 

6.4. Pre-engineering project on decontamination

Chemical decontamination is offered by a number of suppliers. A study has
been performed by GKN to evaluate the various processes and suppliers. On the
basis of this work, two suppliers were asked to tender for an engineering prestudy.
One supplier has been selected, and the conclusions were reported to GKN in
December 1998.
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6.5. Pre-engineering project on the removal of
control rod blades

An external engineering firm was invited to advise on the technical and
financial issues associated with the removal of the control rod blades. The conclu-
sions were reported to GKN in December 1998.

6.6. Historical and operational records

The Dodewaard nuclear power plant has had a significant impact on Dutch
society in recent years, and its history is considered to be of historical relevance. The
Dutch State Archives of the Gelderland province showed an interest in taking over
and storing historically relevant documents from the Dodewaard NPP. A joint project
was started in 1998 and will be completed by the end of the year 2000. Another
project involving the filing of operational and management records has been started.
The intention is that, by the beginning of organizational phase 3 (preparation of safe
enclosure), a centralized record filing system should be in place which also fulfils
future operational needs and final dismantling.

7. OPERATIONAL ACTIVITIES DURING THE
POST-OPERATIONAL PHASE

The operational activities relate mainly to the presence of spent fuel on the site.
However, reactivity and loss-of-coolant accidents are not possible anymore and, soon
after final shutdown, the residual heat from the fuel has been reduced to a very low
level. The emergency preparedness programme can therefore be reduced substan-
tially, but not abolished.

A number of systems have become redundant and can be handed over to the
decommissioning section for subsequent decommissioning.

Systems that are not (yet) redundant have to be maintained in the usual way.
Systems that have been taken out of service have to be maintained as well, but the
effort will be reduced considerably; in most cases visual inspection of corrosion
phenomena and mechanical integrity will be sufficient.

Surveillance is based on the continuation of the existing programme (as far as
applicable), but the ageing programme has been stopped.

Other operational activities that will be continued are:

• monitoring of radioactive releases to the environment
• monitoring of water and air conditions in the plant
• health physics
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• radioactive liquid waste treatment
• transport of spent and remaining fresh fuel
• removal of solid radioactive materials from the fuel pool and other locations
• maintaining operational records
• training of employees
• security.

8. UNCERTAINTIES 

There are some uncertainties which may jeopardize the decommissioning project
for the Dodewaard NPP. The main uncertainties which pose a threat are as follows:

Inability to transport spent fuel

Discussions in Belgium and in the Netherlands on the safety of the spent fuel
transport routes have temporarily halted the shipments from the plant to the fuel
reprocessor. The result of this delay is that GKN will not be able to remove all fuel
from the site before the end of the year 2000. As long as spent fuel is on the site, it is
not possible to complete the decommissioning of a large number of process systems
and the activities with respect to the preparation for safe enclosure.

Government policy with regard to decommissioning of NPPs

Even though the Dutch electricity sector notified the Dutch Government in 1995
that the strategy for NPPs was to be dismantling after a safe enclosure period of 40
years, the Dutch Government has not yet developed its own policy of decommission-
ing. Early in 1996, the regulatory authorities in the Netherlands declared that they
deemed the electricity industry’s strategic decision to be fair. However, since the
premature shutdown of Dodewaard was announced, no indication has been received
that the strategy of dismantling the plant after a waiting period of 40 years is accept-
able. Nevertheless, GKN intends to submit the application for a licence for ‘prepara-
tion for safe enclosure and waiting period’ in May 1999. It remains to be seen whether
or not the licence for preparation of the safe enclosure will be granted. The issue is
likely to be debated in the Dutch Parliament before a licence is granted. It is not clear
whether the Dutch Parliament will approve the electricity industry’s strategy. 

Dissolution of the Dutch Electricity Generating Board (Sep)

Liberalization of the European and Dutch electricity markets has set in motion
a process which will eventually lead to the disappearance of Sep, GKN’s parent
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company. Already, Sep has been transformed into a relatively small organization. Sep
and GKN are looking to hand over the ownership of GKN to another company. One
possibility for GKN is to be handed over to the Dutch Central Organization for
Radioactive Waste (COVRA). COVRA is considered to be the best organization to
perform the functions necessary during the waiting period. Moreover, the expected
lifetime of COVRA is such that this organization should be able to take care of the
dismantling of the Dodewaard NPP after the waiting period of 40 years.

The above mentioned uncertainties, especially the first two, could cause signif-
icant delays to the activities to be carried out by GKN. In the meantime, the process
of reducing the size of the GKN organization continues: younger people are finding
other jobs and older people are retiring. Up to now, GKN has been able to manage the
reduction of its workforce by giving people dual functions and making use of the
(limited) redundancy provisions already made. In the future, GKN will have to rely
to a greater extent on temporary personnel hired from other companies.
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Annex A–10

SLOVAKIA (DECOMMISSIONING OF SLOVAKIA’S NPPS)

1. Introduction

This annex provides an example of organizational and management aspects of
NPP decommissioning in Slovakia.

1.1. Background to decommissioning in Slovakia

Nuclear power generation in Slovakia is based on NPPs with pressurized water
reactors of the WWER-440 type.

There are two nuclear sites in Slovakia. Two nuclear power plants with two
WWER-440 reactors each are currently operating in Jaslovské Bohunice, and one
NPP with a heavy water moderated, CO2 cooled reactor (HWGCR) is under decom-
missioning at the same site. The second nuclear site is Mochovce, where two nuclear
power plants with two WWER-440 reactors each are under construction; the first unit
was commissioned in 1998. All nuclear power plants are owned and managed by
Slovenské elektrárne a.s. (Slovak Electric plc).

The first two units in Jaslovské Bohunice with V-230 reactors (older Soviet
design) were commissioned in 1978 and 1980, and the next two units with V-213
reactors (advanced type 230) in 1984 and 1985.

The first two units (V-230) have to be refurbished to assure the safety standard
of western PWRs. Partial refurbishment was already realized from 1991 to 1993;
stepwise refurbishment of all safety related equipment planned for the period of 1995
to 1999 is in progress. The design basis lifetime of these units is 25 years, that of the
upgraded WWER-440 (V-213 units) is 30 years.

The pilot nuclear power plant A-1 was a HWGCR channel type reactor KS 150
(refuelling during operation) with a power output of 143 MW(e). The main produc-
tion building in the NPP comprises the reactor hall building with reactor vessel, heavy
water moderator system and equipment for refuelling and spent fuel handling, coolant
system (six turbocompressors, six steam generators and piping), and the turbine hall
equipped with three turbines. The NPP was in operation from 1972 and finally shut
down in 1977, after a primary coolant system integrity accident. In 1979, on the basis
of the results of technical, economic and safety analyses, it was decided to decom-
mission this plant.

A list of large nuclear facilities in Slovakia is introduced in Table 1.
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1.2. Decommissioning policy and legislation

The policy of nuclear facility decommissioning and the role of the Nuclear
Regulatory Authority of the Slovak Republic (NRA SR) in this process are codified
in the Act on Peaceful Uses of Nuclear Energy (Atomic Energy Act). In the relevant
part of this act, decommissioning is defined.

In accordance with SR legislation, the primary responsibility, technically as
well as financially, for all measures necessary for the safe handling and disposal of
radioactive waste and for the decommissioning of nuclear facilities is on the licensee,
under supervision of the national regulatory authorities. Currently, feasibility studies
and decommissioning plans are required by law for all nuclear facilities.

The Ministry of Health is the authority that establishes generally applicable
standards for residual radioactivity of released property (Act No. 272/1994 Coll. on
Protection of Population Health, amendments No. 222/1996 Coll. and No. 290/1996
Coll.).

The Government Decision No. 190/1994 has determined the basic strategy for
radioactive waste management in Slovakia. The organization SE-VYZ was set up
within Slovak Electric plc on 1 January 1996, to take responsibility for radioactive
waste conditioning (predisposal and disposal phases) and nuclear facility
decommissioning.
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TABLE I.  NUCLEAR FACILITIES IN SLOVAKIA

Nuclear facility
Net power

Type Startup
Final 

MW(e) shutdown

NPP A-1 110 HWGCR 1972 1977
NPP Bohunice 1, 2 2 × 408 WWER440/230 1978, 1980 2003–2005
NPP Bohunice 3, 4 2 × 408 WWER440/213 1984, 1985 2014–2015
NPP Mochovce 1–4 4 × 408 WWER440/213 1998, constr. 2028
Interim Spent wet, pool 1987 2037

Fuel Storage
Conditioning Cementation, 1998 2038

Centre incineration,
bituminization,
compaction

Bituminization-VÚJE Experimental
facility 1984 2007

Incinerator-VÚJE Experimental
facility 1986 2007



Since 1995, the State fund for NPP decommissioning including spent fuel and
radioactive waste handling and disposal has been established by Act No. 294/1994
Coll. The NPP owners must contribute to this fund 10% of the market price of energy
sold to the grid. A State grant is the other source of income to the fund. The existence
of this fund has enabled many activities connected with decommissioning of
HWGCR A-1 and the preparation of a documentation for WWER reactor decommis-
sioning in Slovakia to commence.

The Act of the National Council of SR No. 127/1994 concerning environmen-
tal impact assessment establishes the responsibility of the Ministry of Environment to
accommodate proposals for decommissioning alternatives before the start of decom-
missioning. The requirements of the Nuclear Regulatory Authority, the Ministry of
Health and other competent authorities are obligatory.

The relationships between the organizations and authorities concerned with
decommissioning, particularly with safety, radiation protection, waste management
and financing, are shown in Fig. 1.

2. ORGANIZATION AND MANAGEMENT OF DECOMMISSIONING

Following the Government Decision No. 190/1994, a new subsidiary of Slovak
Electric plc (SE-VYZ) was established on 1 January 1996 and has assumed the
responsibilities related to NPPs, decommissioning installations, radioactive waste
(from NPP operations and decommissioning, and institutional waste) conditioning
and disposal, and spent fuel management. The principal duties and responsibilities of
this subsidiary are shown in Fig. 2.

2.1. Planning for NPP decommissioning

Two types of decommissioning plan have been developed for the NPPs:

• feasibility studies for the NPPs with WWERs and A-1;
• the final decommissioning plan of the NPP A-1 — first phase.

2.1.1. Feasibility studies

On the basis of lessons learnt during NPP A-1 decommissioning, a thorough
and timely approach had been selected for the preparation of WWER NPP decom-
missioning. Feasibility studies resulted in the selection of a preferred decommis-
sioning option.

The documents for the final period of operation with a view to a selected option
were prepared for one of the WWER NPPs (V-1).
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FIG. 1.  Nuclear facilities in Slovakia.



The following five decommissioning options were analysed in detail:

(1)Immediate dismantling of the NPP after final shutdown,
(2)Safe enclosure of parts of the reactor building, ‘hermetic area’ for each unit

separately;
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FIG. 2.  Responsibilities of SE-VYZ.



(3)Safe enclosure of the reactor cavity with each reactor separately;
(4)Safe enclosure of the whole reactor building;
(5)NPP closing under surveillance (stage 1, according to IAEA classification).

It should be emphasized that the final goal for options (2 to 5) was deferred
dismantling to a ‘green field’ after a period of 70 years. The results of these technical,
economic and safety analyses of the various decommissioning options for V-1 served
as one of the basic documents for the decision making process.

Multiattribute analysis was used for complex assessment of the results and the
selection of the preferred option. Options including a safe enclosure period were
generally selected for WWERs, but a final decision will only be taken at the time of
permanent shutdown.

2.1.2. Decommissioning of NPP A-1

Although the decision to decommission NPP A-1 was taken as early as 1979,
work progressed only slowly, owing to technical, legislative and financial constraints.
These included unavailability of conceptual plans and legislation for decommission-
ing, inadequacy of radioactive waste treatment technologies, lack of disposal facili-
ties, difficulties in shipping the spent fuel off-site and lack of funds for decommis-
sioning. Therefore, work was carried out in two areas in parallel:

• R&D on decommissioning and radioactive waste management;
• actual works on NPP A-1 decommissioning.

As a result of technical, economic and safety analyses, the following four
phases were selected for the NPP A-1 decommissioning strategy:

(1) Bringing NPP A-1 into a so-called radiologically safe status;
(2) Preparation of the safe enclosure;
(3) Safe enclosure;
(4) Deferred dismantling.

A final decommissioning plan for the first phase has been developed and
approved in 1995, and a feasibility study for activities following the first phase has
been elaborated. 

The status at the end of the first phase is characterized by:

• transport of the entire spent fuel inventory off-site, or its temporary storage on-
site in an appropriate storage facility; 

• treatment and conditioning of all waste for disposal or storage;
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• decontamination of equipment and structures;
• construction of required stores and necessary containment barriers.

As the decommissioning plan for the first phase includes alternative solutions
for some tasks, details of the specific solution to be selected are being elaborated and
will be approved separately. The tasks with highest priority (safety related) are
currently being realized and, in line with the project, annual implementation
schedules are produced.

The project organization is structured as shown in Fig. 3.

137

FIG. 3.  Structure of project organization.



Annex A–11

SPAIN (VANDELLÓS 1 NPP)

1. INTRODUCTION

This document describes the decommissioning policy of large nuclear installa-
tions in Spain, the organization and management aspects, and the responsibilities of
the institutions involved in the dismantling projects. Particular attention is paid to the
Vandellós 1 NPP decommissioning project that is currently under way.

2. RESPONSIBILITIES IN THE DECOMMISSIONING PROCESSES OF
NUCLEAR INSTALLATIONS

ENRESA (National Radioactive Waste Company) has, by law, the responsibil-
ity for the management (final steps) of radioactive waste, including the management
of decommissioning activities.

The Ministry of Industry and Energy (MINER) authorizes and applies condi-
tions and options for the decommissioning project on a case by case basis. ENRESA
is expected to conduct the necessary studies and propose the best decommissioning
alternative, taking account of the ‘radioactive waste general plan’ and the national
policy and strategy.

Once the option proposed by ENRESA is accepted by MINER, following
Nuclear Safety Council (CSN) approval, ENRESA must submit for approval, within
a fixed time, the decommissioning plan (DP), which in detail describes the contents
of the accepted alternative (see Section 5 of this Annex). The DP should be approved
by the CSN, which may impose additional limits and conditions.

In addition, ENRESA must prepare the environmental impact study which is
submitted to competent authorities as required. Eventually, an environmental impact
declaration is promulgated by the Environmental Ministry, jointly with the CSN.

Finally, following these assessments, the MINER authorizes transfer of the
operating licence from the previous owner to ENRESA, which allows it to undertake
decommissioning activities, within the conditions stipulated by CSN and the
Environmental Ministry.

Through this licence transfer, ENRESA acquires the conditions of a responsi-
ble licensee, while the site property is retained by the previous owner. Once the
decommissioning activities have been completed, the site property is returned to its
previous owner.

Two organization structures can exist during the process:
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ENRESA

• Propose options and alternatives for decommissioning;
• Prepare the DP;
• Seek approval of the DP;
• Plan and engineer the dismantling activities;
• Specify the work packages;
• Subcontract services for execution of the work;
• Prepare work procedures;
• Prepare cost estimates.

Utility owner

• Defuel the reactor;
• System deactivation;
• Operational waste conditioning;
• Plant operation and maintenance.

3. STRATEGIES AND DECOMMISSIONING POLICIES

General guidelines for radioactive waste management are also taken into
account:

• The selected disposal option for the low and intermediate radioactive waste is a
near surface engineered storage facility, operated by ENRESA (El Cabril).

• Spent fuel is high level waste and will be not reprocessed (except for
Vandellós 1 fuel in France). Spent fuel is stored in the pools (fuel building) of
the plants for which their capacity has been increased.

It is assumed that a decision to dispose of the high level waste in a deep geolog-
ical repository will be taken in the future. The Spanish national policy for decom-
missioning of nuclear facilities, the general radioactive waste plan, endorses the
option of total dismantling (IAEA Stage 3), to be initiated four to eight years after
permanent shutdown.

For Vandellós 1, because of the reactor type (natural uranium, gas cooled and
graphite moderated), IAEA Stage 2 was selected, deferring the final dismantling by
about 30 years. This option was selected in the light of economic, radiological, regu-
latory and waste management aspects and in accordance with the policy adopted in
France for similar plants.
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4. LEGAL AND REGULATORY FRAMEWORK

In Spain there are no specific rules for decommissioning. Decommissioning
projects are regulated by general law only. CSN (the Spanish regulatory body) is
responsible for regulating nuclear safety and radiological protection and applying
appropriate limits and conditions as necessary.

For environmental protection, the corresponding ministry is responsible for the
‘environmental impact declaration’, which is assessed jointly with CSN (see
Section 1).

Clearance criteria for radioactive materials are promulgated by CSN, on a case
by case basis.

5. THE DECOMMISSIONING PLAN

The decommissioning plan based on Vandellós 1 provides for the following:
(1) Safety Report

(a) facility operating history
(b) facility radiological status
(c) decommissioning alternative and project description
(d) final state description
(e) safety analysis

(2) radiological impact assessment
(3) environmental radiation monitoring plan
(4) technical specifications
(5) dose assessment
(6) organization and responsibilities
(7) project schedule
(8) quality assurance programme
(9) radioactive waste management

(10) radiation protection programme
(11) emergency plan
(12) physical security plan
(13) health physics plan
(14) environmental impact assessment.

6. FINANCE SYSTEM

A fund has been established to finance the decommissioning. The approach
adopted for funding radioactive waste management activities and decommissioning is
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to levy a certain percentage (‘quota’) on electricity sales. The income resulting from
this quota, including the accumulated interest, will meet the projected future expen-
diture for complete nuclear waste management (including decommissioning). This
fund is managed by ENRESA.

The Government establishes the value of the quota, according to the estimates
made in the general radioactive waste plan. The methodology used to calculate the
quota is based on the principle that the income of one year is proportional to the elec-
tricity generated by the NPPs during the same year.

7. VANDELLÓS 1 NPP APPROACH

7.1. Project history

The Vandellós 1 Nuclear Power Plant (CNV1) is located on the Mediterranean
coast in the province of Tarragona (Spain).

The plant is of the natural uranium graphite–gas type, and its design is based on
a project developed jointly by Electricité de France (EDF) and the Commissariat à
l’énergie atomique (CEA). This led to the construction of this type of reactor at the
French Saint Laurent des Eaux plant (SLA 1 and SLA 2) and at Vandellós. The
thermal power of the plant is 1670 MW(th); the electrical output is 500 MW(e).

Commercial operation started in May 1972; its final shutdown, following a fire
in the turbines, took place in October 1989, after 17 years of operation.

The integrated nuclear steam supply system (reactor core, primary carbon
dioxide gas heat transfer circuit and steam generating heat exchangers) is contained
inside the prestressed reactor vessel (49 m high, hexagonal section).

7.2. General description of the decommissioning option

The plan submitted by ENRESA, following the assessment of other possible
alternatives, consisted of partial dismantling of the plant, in order to reach IAEA
Stage 2.

In response to this proposal, the general directorate for energy (MINER)
issued a resolution on 27 November 1992, following evaluation, by the Nuclear
Safety Council, of the options proposed by ENRESA, in which it accepted the
selected alternative.

The option accepted consisted of first removing the spent fuel and conditioning
the operating radioactive wastes, followed by dismantling of almost all the structures
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and components located outside the reactor vessel, except for those ensuring confine-
ment of the vessel itself. No action will be taken with respect to the vessel until
completion of the waiting (safe enclosure) period.

The vessel, with the reactor and the internals, will be properly isolated, the
various penetrations to the outside being closed and sealed. The residual activity
contained inside the vessel will be confined and isolated and will decay during the
safe enclosure period.

The site itself will be kept under surveillance both during the dismantling and
the safe enclosure phases, after which the remaining installations will be left within a
new site perimeter in a monitored condition.
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TABLE I.  PHASES OF THE DISMANTLING AND DECOMMISSIONING
PROJECT

Project Phase Period Main activities Tasks

Vandellós 1 Phase 1: Basic From Feb. 1992 Basic de- Engineering and
dismantling and design and to May 1994 commissioning planning
decommissioning licensing engineering and
project planning

Drawing up of
licensing
documentation
(dismantling and
decommissioning
plan).

Phase 2: Design From June 1994 Stage 2
to Dec. 1997 Detailed engineering

Phase 3: From Jan. 1998 Site Works at site
Execution to 2001 preparation

Implementation
of level 2
dismantling

Preparation of
safe enclosure

Safe enclosure 30 years Surveillance,
maintenance



After the safe enclosure period, which will last some 30 years, total disman-
tling of the remaining installations will be undertaken, allowing complete clearance
of the site.

7.3. Project phases and organization

To develop the accepted dismantling option, ENRESA has structured the
‘dismantling and decommissioning project’ in different phases, as shown in Table I.

BASIC DESIGN AND LICENSING (PHASE 1)

Basic engineering and planning: This process consisted of studies and activities
for the development of criteria leading to basic documents to be used for developing
the overall project.

Licensing documentation: The aim was to develop the documentation required
for approval of the decommissioning plan.

Organizational structure

The organization structure for ENRESA provides a project manager supported
by appropriate specialists (licensing, safety, planning, QA, etc.).

The project team was supplemented by a subcontracted engineering company,
which provided engineers and experts for the necessary disciplines (dismantling, radi-
ological protection, waste management, programming, cost control, etc.) (Fig. 1).

This organization continued into Phase 2 until the start of work on-site.
In addition, the utility maintained the operational structure with only minor

modifications but with gradual reduction of staff numbers.
The main activities undertaken by the utility comprised:

• deactivation of redundant operating systems;
• οperational waste conditioning (liquid wastes, spent resins, etc.);
• preconditioning of fuel element graphite sleeves; this graphite was stored in silos;
• transferring spent fuel from reactor to pools; after a short residence time in the

pools, the fuel was transported in batches to France for reprocessing;
• removal and decontamination of spent fuel pool internals;
• pool water treatment and discharge.

Figure 2 shows the utility organization during the predecommissioning period
before and after the spent fuel was removed from the site.
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DESIGN (PHASE 2)

Stage 2 — detailed engineering of decommissioning: This process consisted of
undertaking a number of engineering tasks and design activities aimed at preparing
and facilitating execution of dismantling, including the design of modifications and
new systems and structures as required.
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These activities included preparation of the specifications for contracting
services and equipment, as well as drawing up work procedures for various support
and decommissioning tasks.

EXECUTION (PHASE 3)

This phase began once approval was obtained from MINER (January 1998) and
comprises three periods.

(1) Site preparation period.
(a)Adapt utility systems and structures for dismantling (electrical, service

water, I&C, waste treatment);
(b)Implement new systems;
(c)Dismantling conventional (inactive) systems and equipment.

(2) Dismantling period
(a) Remove all radioactive parts to achieve Stage 2 decommissioning;
(b) Static confinement of the reactor vessel (safe enclosure);
(c) Waste management;
(d) Building decontamination;
(e) Building demolition.

(3) Final period
(a) Implementation of systems required for the safe enclosure period;

construction of new reactor building;
(b) Final radiological survey;
(c) Site restoration;
(d) Release of parts of the site;
(e) Restricted site configuration.

Once this last period has been completed, the safe enclosure period will begin
for a predicted duration of 30 years.

Organization

During phase 3, the licensee responsible for carrying out the decommissioning
activities is ENRESA. The owner will retain property of the site. In this sense, the
only organization of interest is ENRESA, as shown in Fig. 3.

In this organization key positions are held by ENRESA staff; the rest are
subcontracted. It is interesting to note that the different work packages will be
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subcontracted separately. There is no main subcontractor carrying out the whole of
the dismantling activity.

Table II shows the different activities/services subcontracted by ENRESA for
this project. Figure 4 provides a sketch of the regulatory process for Vandellós 1
decommissioning.

MANAGEMENT OF DECOMMISSIONING PRODUCTS

The waste management plan includes the following:

(1) All materials arising from the decommissioning process and classified as cont-
aminated, including those with very low levels of contamination (eligible for
declassification and conventional management), for example:

(a) metallic components, equipment and structures to be dismantled;
(b) concrete and rubble from contaminated areas;
(c) other miscellaneous waste (electrical wiring, plastics, etc.).
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TABLE II.  LIST OF SUBCONTRACTED WORK PACKAGES

• RADIOLOGICAL CHARACTERIZATION
• SITE PREPARATION

• ELECTRICAL SYSTEMS
• FLUID SYSTEMS
• I&C SYSTEMS
• CIVIL WORKS

• ACTIVE AND CONVENTIONAL DISMANTLING
• REACTOR VESSEL SEALING
• DECONTAMINATION
• RADIOLOGICAL PROTECTION SERVICE
• MONITORING SERVICES
• DEMOLITION WORKS
• DOSIMETRY

• PLANT OPERATION AND MAINTENANCE (UTILITY)
• ENGINEERING
• WORKS SUPERVISION
• SECURITY
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(2) Wastes arising from decommissioning work (secondary wastes), such as:

(a) technological wastes produced by the decommissioning work;
(b) solid wastes arising from the treatment of liquid and gaseous effluents 

produced by the decommissioning operations.
(3) Plant operational wastes stored on-site at the beginning of decommissioning, in

particular:

(a) preconditioned graphite wastes;
(b) final operational process wastes.

The waste management plan considers all these operations; this includes
handling of this material up to preparation for transport to the final destination.

CSN, after review, has issued the criteria for applying clearance in the decom-
missioning of Vandellós 1 NPP [1].

Either:
• total β/γ 0.2 Bq/g
• total α 0.1 Bq/g
• surface contamination total β/γ 0.4 Bq/cm2

• surface contamination total α 0.1 Bq/cm2

• surface contamination weak β/γ 4 Bq/cm2

Or:
Radionuclide specific values as per draft document Draft SS-111-G-1.5 of the IAEA
(Clearance Levels for Radionuclides in Solid Materials — 1995, eventually published
as TECDOC-855 [2]).

• Generic conditional clearance for metallic scraps as defined in the draft
document ‘Recommended Radiological Protection Criteria for the Recycling of
Metals from the Dismantling of Nuclear Installations (Nov. 1994)’, elaborated
by the Article 31 Expert Group of Euratom. This document was eventually
published in 1998 [3].

• Generic conditional clearance for demolition debris as defined in SS-111-P-1.1
[4].

• The CSN could consider proposals for other values if the final destination of the
residual materials can be conditioned and an ‘ad hoc’ assessment can justify
compliance with the following radiological criteria:

• individual dose ≈10 µSv/a
• skin dose ≤50 mSv/a
• collective dose ≤1 man·Sv
• doses due to events of low probability ≤1 mSv/a
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A strict control programme is required to support and verify the application of
the above criteria before the release of the residual materials. Figure 5 gives an
overview of material/waste management during Vandellós 1 decommissioning.
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Annex A–12

UNITED KINGDOM (THE REGULATION OF 
DECOMMISSIONING IN THE UNITED KINGDOM)

1. INTRODUCTION

The decommissioning of nuclear installations in the UK is a challenge to regu-
lators since it requires the introduction of a regulatory system appropriate to a
situation where timescales, organizational structures and public expectations are all
changed from those during the operational phase. The flexible, and largely
non-prescriptive, UK approach to nuclear regulation has enabled the licensing
system, designed for construction and operation of nuclear facilities, to be applied to
the very different demands of decommissioning.

2. UK DECOMMISSIONING EXPERIENCE OF LARGE NUCLEAR
FACILITIES

The UK nuclear industry has had experience of several small scale decommis-
sioning projects over many years, but the decommissioning of large nuclear facilities
is comparatively more recent. These major facilities now being decommissioned
include seven gas cooled power reactors, including WAGR, one heavy water reactor,
two liquid metal cooled fast reactors and three materials test reactors. In addition, a
variety of fuel cycle and nuclear chemical facilities in the UK are being decommis-
sioned. Another major project is the decommissioning of the fire damaged Windscale
Pile 1.

3. THE LEGAL FRAMEWORK FOR NUCLEAR REGULATION IN THE UK

The main legislation governing the safety of nuclear installations is the Health
and Safety at Work, etc. Act, 1974, and its associated statutory provisions including
parts of the Nuclear Installations Act, 1965 (as amended) and the Ionising Radiation
Regulations, 1985. Under the Nuclear Installations Act (NI Act), no site may be used
for the purpose of installing or operating any nuclear installation unless a nuclear site
licence has been granted by the Health and Safety Executive (HSE). Once a licence
has been granted, there is a continuing period of responsibility of licensees under the
NI Act throughout its lifetime of operation and decommissioning until there is no
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longer any danger from ionizing radiations from the site. HM Nuclear Installations
Inspectorate (NII), on behalf of HSE, grants such licences but safety remains the
responsibility of the licensed operator. It is for the licensee to satisfy NII that this
responsibility has been fully met.

Although NII is responsible for the regulation of waste management on
nuclear licensed sites, discharges to the environment and the disposal of radioactive
waste are regulated under the Radioactive Substances Act 1993 by the Environment
Agency and the Scottish Environment Protection Agency.  Close liaison is main-
tained between the two regulatory bodies, in addition to specific statutory consulta-
tion arrangements.

4. REGULATION OF LICENSED NUCLEAR SITES

The NI Act allows conditions to be attached to the site licence in the interest of
safety. Over recent years, the conditions attached to the site licences of all of the
nuclear licensed sites in the UK have been standardized. These conditions require the
licensee to have arrangements to address the key safety activities associated with all
the operations of a nuclear installation, including decommissioning. The regime is
flexible, allowing all licensees to develop their own arrangements to best suit their
business. Consequently, these conditions apply equally to decommissioning and
operating sites and form a continuous process of regulation from ‘cradle to grave’. In
effect, they encompass the arrangements for managing safety on the site. A set of 35
conditions is now attached to each licence (Appendix 1). NII reviews the licensee’s
arrangements to see whether they are clear and unambiguous and address the main
safety issues adequately, and seeks consistency between the assumptions and commit-
ments made in the safety case and the safety management system.

In regulating a site, NII makes use of a number of controls derived from the
licence  conditions which are all legally binding commitments placed by NII on the
licensee.

One of the key requirements is for the licensee to produce adequate safety cases
for all operations which may affect safety. From these are derived operating limits and
conditions, maintenance and other safety requirements. During decommissioning the
licensee is expected to have a safety case justifying the safety of the plant at all times
and also to justify the safety of operations which are being undertaken as part of the
decommissioning process. The licence conditions also require that the safety case be
regularly reviewed.

Another requirement under conditions attached to the site licence is that the
operator is required to produce and implement decommissioning programmes.
Outline decommissioning programmes should be available for plants at the design
stage, and more detailed programmes would normally be produced some time before
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operations cease permanently. NII has the option of approving these programmes,
which then cannot be changed without the approval of NII. In addition, the arrange-
ments for decommissioning should, where appropriate, divide decommissioning into
stages, and NII has the power to specify that the operator shall not proceed to the next
stage without its consent. These discretionary powers under the licence can be used
by NII to give a high degree of regulatory control over decommissioning.

5. GOVERNMENT POLICY

Strategies for dealing with both decommissioning and radioactive waste
arisings are reviewed against HSE policy, which was developed taking account of the
1995 UK Government White Paper Cm 2919, which starts with the presumption that
“the process of decommissioning nuclear plants should be undertaken as soon as it
is reasonably practicable to do so, taking account of all relevant factors”. An under-
lying principle is the concept of ‘sustainable development’, such that unnecessary
burdens should not be left to future generations. In addition, long term storage of
radioactive waste should conform to the principle of passive safety. This requires
that waste be immobilized so that there is little need of human intervention, such as
monitoring or maintenance work, or of services, such as electricity, cooling water or
ventilation.

6. DECOMMISSIONING STRATEGIES

Proper planning of decommissioning work, including the identification of
priorities, is very important. NII expects licensees to have comprehensive plans which
include all the steps needed to decommission a plant, details of the radioactive wastes
that will be produced, and the site infrastructure and plants needed to support the
decommissioning process, such as radioactive waste treatment and storage facilities.
It is important that the key facilities which may be required for the various decom-
missioning projects are identified, constructed and maintained to make sure they are
available when needed.

These comprehensive plans should be contained within an overall decommis-
sioning strategy for the site. Such a strategy would include a justification of the
proposed timetables for the decommissioning process and a demonstration of
adequate financial provision. Proposals for the decommissioning of a nuclear plant
should ensure the safety of people affected by the hazards on the site. The proposals
should also ensure that the hazards presented by the plant or site are reduced in a
systematic and progressive way to achieve passive safety. Regulatory approval for
decommissioning would occur on a case by case basis.
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The licensees are expected to keep their decommissioning strategies under
review to take account of such matters as Government policies, environmental
requirements, safety requirements, the availability of disposal routes for radioactive
wastes, the development of new technologies, the experience gained in decommis-
sioning and the financial implications of proceeding on different timescales. These
strategies are reviewed by NII quinquennially in consultation with the environment
agencies. 

The strategies should be attainable and cover reasonably foreseeable closure
scenarios and arrangements for financial provision. They should address these matters
together with others that the licensee considers appropriate. They should also cover
any progress that has been achieved in implementing the strategy and compare future
proposed activities against experiences gained from decommissioning already under-
taken.

The strategy should also describe the plant to be decommissioned and the
options considered for the task. The licensee should give the reasons for choosing a
preferred option and timescale and explain how it meets the requirements of
Government policy and relevant regulations. The licensee should also identify alter-
native options in case the preferred option becomes untenable and should specify the
time needed to develop them. The provision of adequate arrangements for continued
monitoring, maintenance and staffing of the sites should be considered.

The use of public funds for decommissioning requires close scrutiny to ensure
that value for money is achieved. A tendency to defer decommissioning and hence
defer expenditure could develop. NII must ensure that such a strategy does not lead
to greater risk in the interim period or much greater cost in the future. Safety
standards or public expectations may become higher with time, thus increasing future
costs and perhaps closing some options. Plants will deteriorate and so will be more
difficult to dismantle. Proper care and maintenance cost money, not least in keeping
a site infrastructure running. 

7. DISPOSAL AND STORAGE OF WASTES

At present there is no ILW disposal facility in the UK, and it is now unlikely
that one will be available before well into the next century. Although the position is
under review, it is apparent that ILW will need to be stored on sites for a number of
decades.

It is Government policy that, where it is practical and cost effective to do so,
licensees should characterize and segregate radioactive waste on the basis of its
physical and chemical properties and store it in accordance with the principles of
passive safety in order to facilitate safe management and disposal. 
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In order to cope with the expected waste arisings from decommissioning it will
be necessary for licensees to construct facilities on-site which are fit for the purpose
of storing ILW for a long, declared lifetime and should form part of the licensee’s
decommissioning strategy noted above. The design, construction, operation and
eventual decommissioning of stores for radioactive wastes on a licensed site are all
subject to the full regulatory control system.

8. LONG TERM MANAGEMENT OF DECOMMISSIONING

In the UK, many decommissioning projects are expected to last for a very
long time with significant intermediate care and maintenance periods. Any period
of care and maintenance needs to be justified and is only tolerable where there is a
clear safety benefit. NII accepts that delay can be justified by an argument that the
radiation doses received by staff will be significantly lower if time were to be
allowed for radioactive decay, although this does not apply to plants contaminated
with plutonium. However, this advantage should be set against the fact that the
physical condition of the plant could deteriorate, making the decommissioning task
more difficult and hence less safe. If a period of care and maintenance can be
justified it needs to be covered by an adequate safety case that identifies the main-
tenance and surveillance arrangements needed to monitor the safety of the plant.
Also, because of the delays in developing a waste disposal facility for ILW, waste
stores will be needed for considerable periods of time. Therefore both the licensees
and the regulators need to give careful thought to long term management aspects of
decommissioning. 

NII also needs to be satisfied that licensees have an adequate management
structure and resources to discharge the obligations and liabilities connected with the
holding of a nuclear site licence over a long period of time. 

The continuation of the licensee’s financial and managerial capacity to control
the site is one of the factors to be taken into account in NII’s quinquennial review of
decommissioning strategies. It is likely that some of the decommissioning work will
be carried out by contractors which may introduce additional demands on the
licensee’s organization. These general requirements will be less demanding during
quiet periods of care and maintenance, but the licensee must preserve the capacity to
manage the process of eventual decommissioning.

The licensing regime is based on the premise that the licensee is the user of the
site, is in control and is an ‘intelligent customer’ for services provided by contrac-
tors. This will still be necessary during periods of care and maintenance and waste
storage. Therefore, the licensee will need to be able to demonstrate that an adequate
organization is and will be in place to discharge those responsibilities until the site
is finally delicensed and its period of responsibility has ended. To be ‘intelligent’
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means that the licensee must have sufficient competence and knowledge within its
own organization to understand the safety features of the plant safety case and to set,
interpret and ensure the achievement of safety standards.

The size and skills required by the licensee’s organization will vary depending
on the state of the plant. During periods of decommissioning work, NII would expect
the licensee to have sufficient suitably qualified and experienced staff to control
activities, whether undertaken by its own or contractor’s staff. A capability to under-
stand the safety case and the significance of any bought-in experience is also
required. 

The licensee should provide, or have access to, high quality health and safety
expertise to provide advice, audit and peer review of safety cases. During care and
maintenance the licensee must be able to interpret monitoring and surveillance results
and be prepared to take remedial action if required, which may include final decom-
missioning earlier than expected. Therefore, it may be necessary to expand a small
organization fairly rapidly to undertake or supervise work.

The organization will also need a system to retain the corporate memory of the
facility if the period of care and maintenance is likely to be prolonged. This will
include not only those records required to be kept by legislation but also the local
plant knowledge needed to aid later decommissioning. This will reduce the need for
a period of research when care and maintenance ceases and final decommissioning
begins. 

When plants cease operating, they become de facto stores for nuclear matter if
they contain contamination or radioactive sludges, dusts or debris. However, the
structures have rarely been designed and constructed for such use and may not meet
modern standards for nuclear stores. Where reasonably practicable, NII will expect
the licensees to make such waste passively safe before any lengthy storage period.
Where storage does occur the licensee will need to develop and justify the regime of
monitoring and surveillance proposed. This regime will depend on the facility but it
will need to be designed to ensure that early warning is given, for example, of struc-
tural problems or water ingress. Regular reviews of the safety case for the facility will
be required.

The extent and frequency of monitoring and surveillance regimes will depend
on the plant concerned. Such features as the number of separate barriers and installed
detection or measuring devices need to be taken into account, as does the likelihood
of radioactive material becoming mobile. Water ingress from rain, condensation or
groundwater can be a particular problem. It has the potential for damaging structures
as well as generating mobile wastes from areas of contamination, making the task of
final decommissioning more difficult.

The safety case for care and maintenance must be based on the licensee’s
decommissioning plans and the physical and organizational realities of the site.
Safety case assumptions about the form and quantity of radioactive waste and the
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extent of licensee knowledge and control of operations on the site will be compared
by NII with the findings of inspections. 

9. USE OF CONTRACTORS IN DECOMMISSIONING

On nuclear sites there are certain requirements which apply specifically to
nuclear site licence holders. The key point is that the NI Act requires that the licensee
should be the user of the site. NII interprets this requirement as the licensee being the
corporate body which is “in day to day control of the site, process and activities and
whose staff manage the operation of the plant”.

This requirement is derived from duties contained in the NI Act which stem
from the absolute and no fault liability of nuclear licensees to meet (up to defined
limits) the costs of any injury to persons or damage to property arising as a result of
any nuclear occurrence connected with their licensed sites. Licensees cannot legally
pass these liabilities on to others and hence must be able to demonstrate that they are
in control of activities on the licensed site. This does not rule out the use of contrac-
tors, but in order to be in control, the licensee should be able, amongst other things,
to demonstrate the ability to be an ‘intelligent customer’ for any goods or services
supplied by others

During decommissioning the licensee may need to contract-in special expertise,
and also the quantity of work and hence need for staff varies considerably. There is a
tendency to make more use of contractors during decommissioning than during other
phases of operation. NII recognises this need and, in principle, has no objection to the
use of contractors. However, as explained above, the licensee must at all times be in
control of the site because its responsibility cannot be delegated to a third party, and
therefore must be able to define, monitor and supervise the work.

10. OPENNESS

It is Government policy to encourage openness in all aspects of health and
safety and this also extends to nuclear decommissioning, where many stakeholders
can be identified. The licensees’ decommissioning strategies required by the
Government white paper are anticipated to be in the public domain, as will be the
corresponding HSE report on them. 

More direct local contact with the public is obtained via the local community
liaison committees (LCLCs) established for licensed sites. Members of LCLCs
receive written reports from the NII on a quarterly basis; they attend each meeting.
Thus the forum is established to allow open discussion of decommissioning progress
and related issues.

159



11. DECOMMISSIONING ACTIVITIES IN THE UK

A wide variety of decommissioning activities have been, and are being, carried
out in the UK under the NII regulatory regime described here. Some research reactors
have already been decommissioned to green field sites, and six Magnox power station
reactors are currently being decommissioned, as is SGHWR. In addition, the
Windscale AGR is being dismantled, and the fire damaged Windscale Pile 1 is also
currently being decommissioned.

Several fuel cycle and research facilities are also being decommissioned under
the same NII regulatory regime, as are two liquid metal cooled fast reactors. Wherever
it is feasible and economic to do so, as much of the clean material arising from
dismantling of the plant as possible is being sold on a free release basis or reused on
site.

12. CONCLUSIONS

The flexible nature of the UK nuclear regulatory regime has enabled NII to
maintain regulatory control over decommissioning both large and small scale facilities
without making fundamental changes to the system. Difficulties remain in the area of
waste storage and disposal. However, these difficulties can be resolved, provided that
public confidence can be maintained. A policy of openness will be essential to achieve
this and to ensure public support for safe and timely decommissioning.
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Appendix 1

STANDARD LICENCE CONDITIONS

(1) Interpretation
(2) Marking of the site boundary
(3) Restrictions on dealing with the site
(4) Restrictions on nuclear matter on the site
(5) Consignment of nuclear matter
(6) Documents, records, authorities and certificates
(7) Incidents on the site
(8) Warning notices
(9) Instructions to persons on the site

(10) Training
(11) Emergency arrangements
(12) Duly authorized and other suitably qualified and experienced persons
(13) Nuclear safety committee
(14) Safety documentation
(15) Periodic review
(16) Site plans, designs and specifications
(17) Quality assurance
(18) Radiological protection
(19) Construction or installation of new plant
(20) Modification to design of plant under construction
(21) Commissioning
(22) Modification or experiment on existing plant
(23) Operating rules
(24) Operating instructions
(25) Operational records
(26) Control and supervision of operations
(27) Safety mechanisms, devices and circuits
(28) Examination, inspection, maintenance and testing
(29) Duty to carry out tests, inspections and examinations
(30) Periodic shutdown
(31) Shutdown of specified operations
(32) Accumulation of radioactive waste
(33) Disposal of radioactive waste
(34) Leakage and escape of radioactive material and radioactive waste
(35) Decommissioning
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Annex A–13

UNITED KINGDOM — BNFL REACTOR 
DECOMMISSIONING UNIT (RDU) APPROACH

1. INTRODUCTION

1.1. Background to UK decommissioning

Nuclear power generation in the United Kingdom is dominated by graphite
moderated, carbon dioxide cooled reactors. These include eleven stations with natural
uranium fuelled Magnox reactors. Of these, three stations are now closed and being
decommissioned: Berkeley, Trawsfynydd and Hunterston A. All three of these are
twin reactor sites managed within British Nuclear Fuels plc by the reactor decom-
missioning unit (RDU). This annex describes the arrangements utilized at
Trawsfynydd power station.

Compared to light water reactors, the Magnox reactors have large pressure
vessels, and the very size of the reactor internals and the external shielding structures
means that the scale of decommissioning is large. As such, much effort has been
expended to identify an optimum radiological, environmental and financial strategy
for decommissioning.

The preferred strategy of the RDU for its reactors is one of ‘safestore’. This
consists of the following periods following final reactor shutdown:

First few years Defuelling and despatch of fuel from site

Project period Preparation of site for care and maintenance
period 1

Project period Care and maintenance 1 (optional)

Project period Safestore construction to achieve lower care
and maintenance costs

Up to 135 years Care and maintenance 2

Project period Site clearance
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Each of the decommissioning stations is in the preparation period for care and
maintenance 1, having completed defuelling. At Trawsfynydd, local reasons have led
to a decision to build the safestore now, but otherwise the same basic approach is
being applied, varied to suit local situations.

Regulation of decommissioning stations is undertaken by the nuclear installa-
tions inspectorate (NII) by means of the same site licence as for an operating station.
This licence has 35 conditions, covering all aspects of a nuclear site from design of
new plant to decommissioning (Annex A–12, Appendix 1). The licence requires the
licensee to establish ‘adequate arrangements’ for the conduct of the site. For example,
licence condition 35(1) requires that ‘the licensee shall make and implement adequate
arrangements for decommissioning of any plant or process which may affect safety’.
The NII reviews these arrangements to ensure they are satisfactory and may choose
to approve them, thus preventing the licensee from amending them without further
NII approval. Overall, it should be stressed that the UK regulatory approach is non-
prescriptive and approvals are used infrequently by the NII.

Decommissioning generates waste. In the UK, there is an exemption level of
0.4 Bq/g beta/gamma below which material need not be treated as radioactive
material and may be freely released. Low level waste (LLW) (<12 GBq/t
beta/gamma) can be consigned to the Drigg LLW disposal site in Cumbria, an engi-
neered shallow burial site. Intermediate level waste (ILW) is higher in activity than
LLW but not sensibly heat generating. UK Nirex Ltd are charged by the UK govern-
ment with providing a deep disposal site for ILW, but this is unlikely to be available
for use before 2020. In addition, liquid and gaseous discharges are allowed to the
environment, to limits authorized by another regulator, the environment agency.

1.2. Structure of this annex

Having established the background within which BNFL operates in the UK,
Section 2 of this annex describes the overall approach to liabilities and decommis-
sioning management. The evolving site management approach is developed in
Section 3, and actual arrangements currently in use are discussed in Section 4.
Finally, the interface with contractors and others so as to ensure safe and economic
completion of projects is discussed in Section 5.

2. PRINCIPLES OF LIABILITIES AND DECOMMISSIONING
MANAGEMENT

BNFL believes that the management of nuclear liabilities, such as the decom-
missioning of power stations, needs to be approached as an integrated business
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stream. This means that late life operation of stations, decommissioning, fuel process-
ing, waste storage and disposal need to be considered as one process as the decisions
on one aspect can affect the others. For example, recognizing that a reactor is coming
to the end of its life means that fuel loading patterns can be optimized to minimize
the unused reactivity in the core.

The cost of decommissioning is spread over many years and a means is needed
to provide funds to meet these costs. In the UK, the concept is that funds should be
set aside as ‘provisions’ during the operating life of the reactor. These will be securely
invested so that they grow to a sufficient size to meet calls for funds at each stage in
the decommissioning process.

In order to optimize the management of liabilities as a whole, i.e to reduce the
eventual cost of liability discharge commensurate with safety requirements, BNFL has
established within the engineering, waste management and decommissioning division
a liabilities management unit (LMU). This unit has accountability for ensuring that
business strategies, encompassing technical, stakeholder and commercial matters, are
in place to deliver proper control of liability discharge and that these are translated into
the business objectives and plans for implementation. It is also accountable for
ensuring that the costs of discharging nuclear liabilities are appropriately quantified
and identified in the business groups accounts, and that future cash flows are advised
to corporate finance to enable proper management of the funds allocated.

The manager of a decommissioning site in BNFL formally seeks expenditure
approval to discharge liabilities on his site. There remains the issue of what tasks on
the site should be performed now and which deferred to later. In order to provide an
auditable approach to such decisions on decommissioning, the following four princi-
ples are applied in priority order:

• Safety (is the activity necessary to ensure safety?)
• Environment (is the activity necessary to prevent radioactive leakages?)
• Taxpayer value (does the activity lower the overall lifetime cost of decommis-

sioning in net present value (NPV) terms?)
• Company interests (is there another reason why the company would prefer the

task done now?)

Although each task on the site could be considered separately, it is more
effective to examine larger scale goals for the site and then, having selected the
optimum goal, to examine the contribution of tasks to that goal.

Without such an approach, work may be done early when it could have been
done at lower NPV later. Equally, work may not be done, leading to a higher care and
maintenance cost until it is done, again raising NPV.

The role of the site manager is to propose what he wishes to do to meet the
agreed strategy for the site, justify it in the above terms, formally seek expenditure
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approval to do it from the business unit executive team (in effect his internal
customer); and then achieve his goal to time, cost and quality whilst maintaining
compliance with the site licence.

3. APPROACH TO DECOMMISSIONING SITE MANAGEMENT

It is evident from Section 2 that the site managers’ purpose should be the iden-
tification of a site specific programme to achieve goals consistent with the company
decommissioning strategy, and to deliver these goals safely and economically. Unlike
station operation management, decommissioning is the management of change, more
akin to station construction but with the plant contaminated. However, decommis-
sioning is actually made up of a set of rather different phases. Three, in particular, are
worth noting, for they require different management approaches:

I. defuelling;
II. projects on a defuelled site, where some plant operation and maintenance

continues; and
III. care and maintenance alone.

There is a tendency to describe decommissioning as the projects aspects of
phase (II) alone; this is, potentially, to overlook the underlying infrastructure issues.

3.1. Defuelling phase

In defuelling, which takes approximately two years for a Magnox reactor, the
station has ceased generation; there is no longer a marketable product, yet there is
much that is similar to the operating period. At first the reactor is simply in a shut
down state, similar to an outage. There may be substantial reactivity remaining in the
core and the operating safety case remains valid, although with time it may be
possible to justify relaxations if criticality can be shown to be impossible.

By the end of defuelling, energetic nuclear accidents are no longer possible and
99.9% of the radioactivity has already left the site. At the closed stations the safety
case has evolved through defuelling to release plant, reduce work and accelerate the
release of staff.

Early planning for defuelling is essential to make the defuelling project
successful and so to minimize the costs of this heavily staffed period. The defuelling
safety case should be developed and its implementation planned as far as possible
while the power station is still operating. The defuelling period may be time enough
to plan the project phase but it is not the time to plan defuelling.
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3.2. Projects phase

The projects phase describes that period when the site is undergoing significant
physical change. In principle, this could be any time when major work is under way
but in this annex the focus is on the ‘preparation of site for care and maintenance
period I’ and the ‘safestore construction period’, which are being carried out concur-
rently at Trawsfynydd. The recovery of operational wastes is being carried out at this
time.

There are two distinct aspects to the work. There is the background burden of
continuing operations, care and maintenance of remaining essential facilities, plant
and systems. There are also the projects to reduce that burden. The former is the
management of a repetitive process. The latter is the management of change. It does
not seem unreasonable that they require separate attention.

The site manager must be able to show compliance with the nuclear site licence,
environmental standards, etc. In addition, the project manager must conduct his activ-
ities in accordance with industrial safety regulations. The site manager must be
clearly in control of the site. The project manager must be released to achieve his
project goals of time, cost and quality. A key requirement is therefore to ensure an
effective interface between process and project.

3.3. Care and maintenance phase

At the entry into a long term care and maintenance state, the site is only
performing a low level of routine activities. Hazards are small, there should be a
limited emergency plan, there is no novel or project work, and staff numbers are
correspondingly small. It is appropriate to introduce a step change in the management
philosophy at this point.

Overall management of the site still needs to be performed by a suitably
qualified and experienced person. It is most likely that such a person would require
little time to discharge these duties. Thus it would be appropriate to manage the site
centrally, probably as part of a group of sites under one manager.

Equally, there would be scope to provide at least some site services via a mobile
team. This would ensure adequate skill levels in those doing the work. 

4. ARRANGEMENTS FOR MANAGING A DECOMMISSIONING SITE

As an example of the BNFL-RDU approach to decommissioning site manage-
ment, there follows a description of the approach to the management of Trawsfynydd
power station, a station in the later part of the projects phase.
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4.1. Quality management system

In order to ensure maximum likelihood that the site will achieve the goals set
for it by the company, the company requires each site to establish a quality manage-
ment system (QMS) in accordance with IAEA Code 50-C-Q.

The aim is to use the QMS to manage the site’s business as a whole. The QMS
exists to provide assurance that:

• regulatory requirements for quality, safety and environment will be met;
• company requirements will be met; and
• business objectives will be achieved.

The QMS exists at the highest levels of a decommissioning quality assurance
programme (DQAP) which fulfils the following roles:

• states the site manager’s QA policy;
• describes the QMS as a whole, including the need for review and audit; 
• defines the site organization and responsibilities within it;
• describes the management of documentation including the key area of records;
• states the approach to controlling decommissioning and other modifications;
• describes other support activities.

The DQAP is implemented by management control procedures (MCP), which
are based on company models for licensed sites. The model MCP titles are listed in
Table I, and these would be supplemented by those necessary to control finance and
other business matters.

4.2. Management organization

Each decommissioning site has a decommissioning site manager. He is
accountable to the head of the RDU for the safe and economic conduct of the site.
This accountability is monitored by the LMU.

For a site in the projects phase, there is a need to manage the effective oper-
ations, care and maintenance of the site as well as the more visible decommission-
ing projects. The organization for Trawsfynydd power station is shown in Fig. 1,
extracted from the DQAP. Project (and contract) management is in the hands of
specialists in that area. Operations and maintenance are performed by another group.
A team headed by the decommissioning site manager defines safety, environmental
and business standards for the site and monitors the achievement of these by staff on
site, corrective actions being applied as necessary.
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The organization in Fig. 1 is independent of the number of staff on- site. The
functions are required for any site though the means of discharging them may vary
with site and workload. Regular meetings to examine site performance, audits and
post-project reviews all contribute to effective integration of the functions to deliver
the site goals. 
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TABLE  I.  TITLES OF MODEL MANAGEMENT CONTROL PROCEDURES

MCP 1 Allocation of responsibilities for compliance with the nuclear

site licence conditions

MCP 2 Form and content of site documents

MCP 3 Document control

MCP 4 Graded application of quality assurance

MCP 5 Management of site records

MCP 6 Quality assurance review and audit

MCP 7 Arrangements for dealing with organizational interfaces

MCP 8 Establishment and use of the site plant and apparatus inventory

MCP 9 Identification and labelling of items and systems

MCP 10 Selection, qualification and training of staff

MCP 11 Significant operational activities

MCP 12 Establishment of the operational state of plant and apparatus

MCP 13 Surveillance and routine testing of plant items and systems

MCP 14 Safety

MCP 15 Management of nuclear fuel

MCP 16 Management of solid, liquid and gaseous waste

MCP 17 Environmental management

MCP 18 Operational experience feedback

MCP 19 Management of maintenance work

MCP 20 Work control system

MCP 21 Control of modifications and experiments

MCP 22 Control and calibration of measuring and testing equipment

MCP 23 Procurement of items and services

MCP 24 Material and spares control

MCP 25 Control of security and access

MCP 26 Contingency and emergency arrangements

MCP 27 Good housekeeping

MCP 28 Management of computer systems

MCP 29 Management of safety cases



The issue of staffing is perceived as very important by the regulators. There is
a potential conflict between the utilities that drive to reduce costs by reducing staff
and the regulators’ concern for the loss of human defence in depth and what has been
called ‘site memory’. Staff numbers need to be a consequence of change rather than
a cause of it.

As the hazard reduces, the safety case for the site can be simplified. This allows
a reduction in the demands of site nuclear safety rules, instructions, testing and main-
tenance requirements. The site QMS can reduce in size with these changes, and the
organization and staffing will follow. The need to anticipate the human resource
issues associated with reducing staffing means that these issues may become a leader
of change but they must not get out of phase with the other changes.

The nature of site staffing is flexible. It could largely be members of the original
site staff or, at the other extreme, it could be largely contractors. At Trawsfynydd
power station, company staff from the Berkeley headquarters provide project
management support via internal contract arrangements. The decommissioning
projects are performed by external contractors managed by our project management
specialists. Care and maintenance activities are largely carried out by retained opera-
tional staff. The station management team are a mixture of ex-station staff and some
headquarters support staff.

Many of the persons now working on the site from other departments or
contractors were previously employed by the station in operation, i.e. site memory is
maintained.

The staffing arrangements are somewhat different at the other decommission-
ing sites. At Berkeley power station, only a small staff has been retained. All the work
is managed by the headquarters specialists, with operations and maintenance activi-
ties overlapping with the headquarters staffing arrangements. At Hunterston A, the
station has inherited staff with project management skills; this site is self-sufficient,
letting external contracts itself.

5. MANAGING INTERFACES — CONTRACTORS AND STAKEHOLDERS

The use of external contractors to perform a large percentage of the work on-
site can cause the NII some concern over where responsibility lies. As such, the QMS
includes requirements on the management of interfaces in general and contracts in
particular.

It is essential that the safety of the site clearly remains in the control of ‘the
licensee’. Much of UK law demands this, and the NII demands demonstration that it
is so. The documentation on larger contracts will be supplemented by an interface
document to define the QA processes to be met, the responsibilities of each party and
the approved lines of communication.
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FIG. 1.  Trawsfynydd decommissioning site.



Although the contractor needs to be constrained for safety, there are cost advan-
tages from a flexible approach. The practice in letting contracts is to use a competi-
tive tender process with a specification aimed at the goal, leaving the tenderer to offer
his route to that goal. This encourages initiative from the tenderer and perhaps the
identification of a lower cost approach, not previously obvious to the site owners. In
this way, appropriate financial risk is transferred to the contractor, e.g. should his
technique lead to programme delays or escalating costs, they are clearly his respon-
sibility. Where an area is novel, it can be reasonable to let one or two trial contracts
to establish the financial risks from the task before both sides commit to the whole
job. These approaches have proved successful in decommissioning contracts.

A final, key aspect of site management is that of gaining the acquiesence or
support of stakeholders — those with some interest in the site. Obvious stakeholders
include the UK Government who owns BNFL, local communities, the environmental
movement and the public at large.

BNFL pursues an active policy of open communication. By providing infor-
mation on decommissioning matters, the commitment of the company to safely and
economically discharging its liabilities can be appreciated and the company should
be able to pursue its business effectively. A range of information routes to the public
are used: visitor centres, regular local community meetings, newsletters, press
releases, etc.

6. CONCLUSIONS

The BNFL plc philosophy and approach to the organization and management
of decommissioning have been described. This is built not only on many years of
experience of operating nuclear reactors but also on some eight years of experience
in the management of decommissioning power stations.
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Annex A–14

UNITED STATES
(PRESSURIZED WATER POWER PLANT)

1. GENERAL

The subject plant is a nuclear powered electricity generating facility consisting
of one Westinghouse designed pressurized water reactor (PWR) rated at 490 MW(e).
The plant is not co-located with any other facility or plant. The owners of the plant
considered the DECON and SAFSTOR decommissioning alternatives. The DECON
alternative is the prompt dismantling of the entire facility after final plant shutdown.
SAFSTOR is placing the facility into a safe condition and waiting for a period of time
(20–40 years) before dismantling takes place. On the basis of a number of factors, the
owners decided on the DECON or immediate dismantling alternative.

One of the main factors that affect the decommissioning decision making
process is the disposition of the spent nuclear fuel. The United States currently does
not reprocess its spent fuel and does not have a permanent repository. It was decided
by the utility management to maintain the fuel on-site until the US Department of
Energy would accept it. There were four alternatives considered:

• Leave the spent fuel in the existing pool and use the existing pool support
systems;

• Leave the spent fuel in the existing pool and use a modified (skid mounted)
support system;

• Move the fuel to an on-site dry storage facility; or
• Move the fuel to an on-site wet storage facility.

The owners decided to look at two options: use the existing pool with modified
cooling systems and a dry storage facility.

Another factor affecting the organization of the utility staff during decommis-
sioning is the following: the utility does the majority of the activities or acts as an
oversight organization and allows a general contractor to perform the decommission-
ing activities. There are pros and cons for each option but it was decided to have a
general contractor perform the activities. This means that the utility staff would be
smaller than in the case where they would perform the decommissioning activities
themselves.
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2. STAFFING DURING DECOMMISSIONING

A site specific utility staff was developed for the management of the decom-
missioning operations. The purpose of this staff is to oversee the decommissioning
operations and the general contractor activities. While this staff is not responsible for
the actual decommissioning activities, the utility (the licence holder) is still ultimately
responsible for the decommissioning. The utility will operate and maintain the plant
systems, monitor the decommissioning operations, provide assistance to the general
contractor and otherwise exercise its responsibility as the licensee.

The life of the decommissioning project was divided into nine periods which
correspond to major activities during the project and require different staffing levels.
These nine periods are:

Period 1 - Planning and licensing before shutdown

Period 2 - Transition period and removal of pressure vessel
Dispose of old waste
Remove all non-essential systems
Modify the spent fuel pool cooling system

Period 3 - Decontamination of containment building
Remove essential systems
Remove steam generators
Decontaminate reactor building
Begin moving spent fuel to dry storage

Period 4 - Remove auxiliary buildings
Remove all auxiliary building systems
Decontaminate the buildings

Period 5 - Remove structures

Period 6 - Restore site

Period 7 - Dry spent fuel storage

Period 8 - Decontaminate and remove dry spent fuel storage facility

Period 9 - Final site restoration
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Decommissioning planning (Period 1) will be performed before shutdown. It is
anticipated that a utility staff level of 7.5 will be dedicated to this effort.
Decommissioning activities will begin immediately after shutdown, Period 2. The
staff level during this period will be 125. This level is required to support the vessel
and internals removal effort. Also during this time, the spent fuel pool systems have
not been modified and require a larger staff.

At the beginning of Period 3 the spent fuel pool systems will be modified,
allowing for a reduction in the utility staff. Also during this period, the reactor
building essential systems will be removed and the building decontaminated. These
activities will control the level of the utility staff. A level of 61 will be required to
support the decommissioning operations and monitor the spent fuel pool.

Coinciding with the end of Period 3 is the completion of the spent fuel transfer
to dry storage. With all of the spent fuel in dry storage during Period 4, the auxiliary
building systems will be removed and the building decontaminated, requiring a utility
staff of 56. Also during Period 4, periodic shipments of spent fuel will be made to the
DOE. Once all of the residual radioactivity is removed from the site, the staff can be
reduced to 29 for Period 5. This staff size is sufficient to support clean structure
demolition and monitoring of the dry spent fuel storage facility. The staff is further
reduced to 22 during Period 6 when the site restoration is occurring along with moni-
toring the spent fuel storage facility. In Periods 5 and 6, an additional staff of 8 will
be required on-site approximately three months each year to assist the utility staff in
preparing spent fuel for off-site shipments. The staff is further reduced during Periods
7, 8 and 9. Figure 1 provides a summary of the utility staff requirements.

The general contractor is not anticipated to have any role in the maintenance or
surveillance of the spent fuel pool or required systems during the fuel storage period.
His responsibility will be to provide a turnkey decommissioning project. He will be
responsible for all activities from initial planning through final site restoration. The
general contractor will perform the actual decontamination and dismantling activities
under the guidance of the utility staff. During the planning and preparation period the
general contractor will have a staff of 22 people on-site to manage and develop the
engineering programme. During Period 2 the general contractor staff will increase to
a maximum level of 80 people during the vessel and internals removal. This staff will
be reduced to 49 for Periods 3 and 4 for essential system removal and structure decon-
tamination. This level is sufficient for the reactor building and auxiliary building
systems removal and building decontamination. With the completion of the radiolog-
ical decommissioning activities, the general contractor staff will be reduced to 32 for
clean structure removal and then to 20 for site restoration. 

Figure 2 provides a proposed organization for this project. This is a basic orga-
nization which provides flexibility and allows proper control. As the decommission-
ing activities are performed, the organization will grow smaller and positions will be
combined.
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175 FIG. 1.  Utility staff summary.
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